Here is a life in three countries, with different cultures, different political structures and even different skies. The constant through all these changes is the addiction of the subject of this story to science and laboratory work. Perhaps the tale that unfolds here will show some beginners in research that persistence, seasoned with a little luck, can bring results and satisfaction in the long run.
ITALIAN CHILDHOOD-LEARNING LATIN AND FASCISM
I was born into a Jewish family in Genoa, Italy. My childhood was peaceful and unremarkable. Prodded by my mother, I was a good student at school, where we were taught a lot of Latin and were indoctrinated to be good fascists. Although my family was not religious, I decided to have a bar mitzvah, mostly motivated by the gifts one receives. That put me in contact with my Jewishness, but a much harsher reminder of it came later in the same year, when Mussolini, prompted by Hitler, issued the anti-Semitic laws 'for the defense of the race'. My father, a civil engineer for the province of Genoa, was fired from his job and Jewish children were forbidden to attend 'Aryan' schools and universities.
ONE OF THE LAST OUT
Deprived of an income and with worse perspectives looming ahead, we looked at the possibility of emigrating. Eventually, we were granted a visa from Argentina, where my mother's twin sister and family had already moved and where my father had a friend from his time as a university student. In the meantime, the Second World War broke out and traveling became quite difficult. Yet, in September 1941, my parents, my two sisters and I (almost 17) left my beloved city of Genoa and Italy. We were able to take advantage of Spain's neutrality by going there by train and then embarking on a Spanish ship for the trip to Latin America. A month and a half later, we finally arrived in Buenos Aires. We were among the last people able to leave Europe legally. Some of our relatives that remained behind perished in the gas chambers at Auschwitz.
STUDIES AND JAIL TIME IN THE SOUTHERN HEMISPHERE
During the next 3 years, I learned a new language, took 33 examinations to make up for differences in the Italian and Argentine school programs and obtained a high school certificate. As a child and teenager I must have shown some interest in science, because my father bought me a subscription to a popular science magazine and gave me an educational set to do experiments involving electricity and magnetism. My uncle was a chemist and somehow chemistry attracted me, especially after studying it for one of my examinations. Also, I thought that as a chemist I could find employment and make some money, a priority highlighted by the difficult times we initially endured in our new country. eter in the middle and the archaic centrifuge in the background. Right: Enrico Cabib in the old laboratory. Bottom: Home-made micropipette used in early studies. It was produced by gluing a fine capillary tube (slightly bent) into a larger glass tube. The capillary filled by capillary action, but had to be calibrated to determine the volume.
Thus, in 1944, I enrolled in chemistry, at the Facultad de Ciencias Exactas, Físicas y Naturales (School of Exact, Physical and Natural Sciences). At that time, there were only federal universities in Argentina which were practically free, a great bonus for me. For each career, a set of designated courses, with no electives, was required. The professors were almost all part time, with some other job providing them with a living wage. Their objective was to prepare students for earning an income. Some of the professors were good, well-organized teachers and others were average or poor. Laboratory, but not classroom attendance, was mandatory.
In 1943, a military coup overthrew the conservative government and in 1945, during my second year at the University, Juan Domingo Perón, an army colonel, emerged as a presidential candidate. Most students leaned to the left and anticipated that a fascist type of government was in the offing. Strikes and protests asking for a return to liberty were organized. A symbolic occupation of the University of Buenos Aires resulted in the detention of about 3000 students, including yours truly, for 5 or 6 days. Despite our efforts, Perón was elected president in a landslide and dominated Argentine politics for the next 10 years.
Eventually, I completed the courses required for a chemistry career and obtained the title of 'Licenciado', with honors, authorizing me to practice the profession. However, a thesis was additionally required for a doctorate. Almost no one in the University did serious research, so I knew very little about scientific work, except what I learned reading novels ('The Citadel') or my science magazine. Nonetheless, I wanted my thesis to include some serious research.
WON THE LOTTERY WITHOUT A TICKET
During my fifth and last year at the University, I happened to see a newspaper advertisement for a fellowship in a scientific institute, 'Instituto de Investigaciones Bioquímicas, Fundación Campomar' (Institute for Biochemical Research, Campomar Foundation). I applied and had a brief interview with the director, Luis Leloir, who told me to return after I completed my university coursework. I returned to the Institute in July 1949, immediately after my last examination. Leloir told me that I could work in the lab for a trial period and then they would decide between me and another candidate. I suggested the other candidate could work mornings and I in the afternoon. Good enough. As it turned out, the other candidate never materialized and I doubt that he/she ever existed. Anyway, after a few weeks of doing analytical procedures and calibrating homemade micropipettes (a novelty at that time, Fig. 1 , bottom), I asked Leloir when a decision would be made. 'Oh, of course you can stay!' he replied. I had won the lottery without even buying a ticket. Unknown to me at that time, this was the only biochemistry laboratory in Argentina, or all of Latin America, that could compete with those in the most advanced countries.
I FOUND A HOME, BUT HAPPY TO BE IGNORED
Leloir suggested that I try paper chromatography of protein, about which there were no publications, for my thesis.
Paper chromatography was very popular for low molecular weight compounds, e.g. amino acids and sugars but not large molecules. I began with great enthusiasm and soon I realized that research would be my focus for the rest of my life. I had found a home. After the stifling University atmosphere, where most professors held students at a distance and laboratory work consisted of following prescribed recipes, unbelievably, I could now come in every morning and plan my own experiments in a very relaxed environment (Fig. 1, right) .
The institute was small, the staff consisting of only six researchers (Fig. 1, left) , including me, a laboratory aid and a secretary administrator. We were lodged in a rather ramshackled former family house. It was an offshoot of a next door larger physiology institute directed by Bernardo Houssay, who had been awarded the Nobel Prize for Medicine in 1947. Because he had signed in 1943 an open letter requesting the restoration of democratic institutions, Houssay was considered an enemy of the government and was eventually ousted from his professorship at the University of Buenos Aires. Thereafter, he directed an institute created with private funds. Initially Leloir, who had been Houssay's graduate and postdoctoral student, worked there with a couple of coworkers. Eventually, however, a wealthy industrialist, Mr. Campomar, became interested in supporting science so Houssay recommended creating an institute dedicated to biochemistry with Leloir as director. The new laboratory, Instituto de Investigaciones Bioquímicas Fundación Campomar (IIB), was inaugurated in 1947, two years before I joined it. Thus, creation of the Institute was somewhat related to the political situation and rise of the quasi-dictator, Juan Domingo Perón. Fortunately, his government ignored rather than harassed both Houssay's institute and ours, permitting us to maintain an ivory tower-like environment.
I CONVINCINGLY PROVED THIS METHOD DOESN'T WORK
Leloir was a courteous man of very few words. He worked in the laboratory for exactly 8 h every day (including Saturdays), always conducting experiments himself (Fig. 2) . He did not have an office and even wrote his papers at the bench. I learned much about research just by watching him. In my thesis work, I was able to separate a few enzymes and blood proteins, but I believe that I convincingly demonstrated that paper chromatography was not a good first choice for protein fractionation. Nevertheless, that work provided me with a PhD and my first paper, published in a fairly new journal, Biochimica et Biophysica Acta.
THRILL OF DISCOVERY-A FRACTION COLLECTOR LIKE NO OTHER
I joined IIB as the group was putting the final touches on two discoveries with the yeast Saccharomyces fragilis, the findings that glucose-1,6-diphosphate acts as a coenzyme in the conversion of glucose-1-phosphate to glucose-6-phosphate and uridinediphosphate-glucose (UDPG) has a similar role in the conversion of galactose-1-phosphate into glucose-1-phosphate. UDPG was the first nucleotide sugar identified and its discovery eventually led to the Nobel Prize in Chemistry for Leloir.
When I finished my thesis work, Leloir suggested that I search for other nucleotide sugars in yeast. A compound similar to UDPG had been isolated, but not enough of it for complete analysis. In search of new compounds, I decided to use a newly developed method, ion-exchange chromatography. However, the quantities of liquid involved required a fraction collector capable of handling 500 ml fractions. Unfortunately, there were no fraction collectors in Argentina, large or small, so Leloir and I designed and made one. It was quite different from those on the market. The column moved rather than the receiving vessels. The latter were 40 one-liter flat bottles arranged side by side on a shelf. The column was set on a carriage that we made with a Meccano set left over from Leloir's childhood. The carriage ran on rails on an upper shelf, pulled by a small electric motor. A little funnel joined to the column, with an escape mechanism, insured the column effluent made it into the bottles. This rig efficiently resolved fairly large amounts of the UDPG-like compound, which turned out to be UDP-Nacetylglucosamine (UDPAG), the second sugar nucleotide to be discovered. During further purification of the nucleotides using paper chromatography, I observed a second, slower UVabsorbing band, which spectral analysis indicated to contain guanosine, rather than uridine. Further work showed the compound to be guanosine-diphosphate-mannose or GDPM. This finding was very exciting for me, because it was the first discovery that I had made all by myself. Over the years, I found that such moments are rare and therefore precious.
SUGAR NUCLEOTIDES AS DONORS-AN ANCIENT BEAD BEATER
We had found three nucleotides with different sugars, but two of them without known functions. It seemed unlikely that they would only work as coenzymes for sugar conversion, as occurred with UDPG. Another possibility I favored, based on the finding by Dutton and Storey that UDP glucuronic acid was the precursor of glucuronides, was that sugar nucleotides were sugar donors to some acceptor, but initial experiments with extracts made with dried yeast failed. I thought we should try extracts prepared in the cold from fresh yeast. Fortunately, Alejandro Paladini, an institute member recently returned from the Rockefeller Institute in New York City, had brought an electrical sander, to which a paddle could be attached to generate very strong shaking in a liquid. With that instrument, I shook a suspension of yeast cells and sand and got good cell breakage.
I was busy determining the GDPM structure, so Leloir incubated UDPG with several possible acceptors, and triumphantly showed me a test tube of brown-colored hydrazone, formed in a coupled reaction, when he added glucose-6-phosphate as acceptor. We subsequently identified the product as trehalose-6-phosphate, which was hydrolyzed by a phosphatase present in the preparation, generating free trehalose. Trehalose, already isolated from yeast, is a disaccharide, formed by coupling two glucose molecules. This was the first example of one sugar being transferred to another via a sugar nucleotide, a reaction followed in many other cases, especially in the biosynthesis of polysaccharides.
MEETING STARS IN THE USA
In September 1953, a grant from the Rockefeller Foundation brought me to Physicians and Surgeons, the medical school of Columbia University, in New York City for 16 months, where I planned to study enzyme mechanisms with Irwin Wilson, in David Nachmanson's laboratory. I didn't learn too much about enzyme mechanisms, mainly due to enzyme purification problems, but direct contact with prominent American scientists was very enriching: David Rittenberg, who pioneered using radioactive isotopes in biochemistry; David Shemin, who did beautiful work on the synthesis of heme; Erwin Chargaff, who was deciphering the structure of nucleic acids; and Nachmanson himself studying nerve transmission. I met others at Enzyme Club dinners and seminars held at the New York Academy of Sciences, where I presented our recent results. I especially remember Severo Ochoa, later a Nobel Prize recipient, with whom I conversed in Spanish and Seymour Kaufmann, one of his postdoctorals, who much later became a close friend.
A broader perspective on American biochemistry was gained at the Federation of American Societies for Experimental Biology meeting in Atlantic City listening, among others, to Melvin Calvin presenting his results on the radioactive labeling of compounds during plant photosynthesis (UDPG was an early product!) using the latest marvel, an overhead projector! There I met Jack Strominger, who took me to visit the NIH in Bethesda, which, unbeknownst to me, was going to be my future abode. The Nachmanson laboratory, and others, spent summers at Woods Hole, Massachusetts, where we worked in the morning at the Marine Biological Laboratory and spent the afternoons on the beach.
GREAT CHANGES IN ARGENTINA-MARRIAGE, OUSTER, DEATH AND BIG SPACE
My life dramatically changed on returning to Buenos Aires. Amalia Aribe, the secretary administrator of IIB, and I got married, an event that we had secretly planned before my departure for the USA (Fig. 3, left) . Life at home became much more interesting, but my laboratory work was rather dull, although that was about to change. Perón was ousted by the army and navy in 1955 generating a much better climate for the University and research in general, including the creation of a National
Research Council, where Houssay was appointed president. On the down side, our Institute's benefactor, Mr. Campomar, died in 1958 without leaving any bequest to the Institute. Our only funds were from an NIH grant awarded in 1951 and renewed several times. Fortunately, the School of Exact Sciences of the University of Buenos Aires (where I had studied), came to the rescue. As a device to channel funds to our laboratory, a parallel university institute was created. In return, we agreed to offer a graduate course in biochemistry. Another big change was our location: the government assigned a substantial building (once a cloister) to both Houssay's and our institute, which meant greatly expanded space.
YEAST MORPHOGENESIS-A LIFE CHANGING DECISION
With more space, Leloir assigned to each institute member a laboratory in which to plan his own independent research. After hard thinking, I planned my future work. We knew that yeast contained three sugar nucleotides, and that the yeast cell wall consisted mainly of polysaccharides, glucans, mannans and a little chitin, made up of the same three sugars. Because the cell wall determines the cell shape, it seemed to me that studying the synthesis of its components might yield insights into morphogenesis at the molecular level. It would also capitalize on my expertise with sugar nucleotides. That decision determined the focus of my laboratory for more than 50 years.
SERENDIPITOUS WORK-LOOKED IN THE RIGHT PLACE, FOUND THE WRONG ENZYMES
Several years looking for cells polysaccharide synthases, the enzymes responsible for cells wall synthesis, took us serendipitously in other directions. With Héctor Carminatti we found a phosphorylase for sugar nucleotides, with Simonetta Sonnino a hydrolase for GDP glucose and with Israel Algranati finally formation of a polysaccharide from UDPG, but it was glycogen that Leloir had already discovered in liver and muscle. Yet, with Lucía Rothman, a graduate student, we found that the synthase was allosterically activated by glucose-6-phosphate (G-6-P) and inhibited by ATP and ADP. Finally, we obtained incorporation of mannose from GDPM into a product that appeared to be the sought after mannan which Nicolás Behrens, another graduate student, identified as the correct compound. I now had four coworkers and wrote my first review, an article on carbohydrate metabolism that Leloir requested that I, rather than he, write for Annual Reviews of Biochemistry.
THE GRADUATE SCHOOL THAT DIDN'T HAPPEN
Beyond the laboratory, I passionately pursued a more political project, that of bringing several laboratories supported by the National Research Council under a single roof to form sort of a graduate school to prepare researchers for both basic and applied science, thus contributing to Argentina's progress. I invested a lot of time writing a detailed plan and was willing to sacrifice substantial lab time to implement it. The few laboratory heads with whom I discussed the project were positive, but an executive in the Research Council was less than enthusiastic. My lack of an important administrative position certainly hampered progress, and foiled my dream, but all of this was soon to be unexpectedly interrupted.
GOODBYE, ARGENTINA
After prolonged instability, a moderate, constitutional government was installed in Argentina, but it didn't last long. In 1966, a coup by a group of generals took over. They had a grudge against university students and appointed delegates (interventores) to take charge of schools in place of faculty and student councils. In the school connected with our institute, the council made a show of peaceful resistance. The police invaded and savagely beat professors and students. As a consequence, most professors resigned. There were many public protests but the new government did not give way or apologize. I felt that remaining in a school so ravaged and that was paying most of my salary would be the equivalent of approving of the barbaric government actions. However, trying to remain in Argentina, I asked the National Research Council to assume all rather than part of my salary. At the same time I started looking for a job elsewhere. I presented our yeast glycogen synthase results at a meeting in Mexico City and went on to the USA to give seminars in 10 different places. I received a few offers. The best one was from the National Institutes of Health, because there I did not have to teach or apply for grants and could devote more time to the lab. On returning to Buenos Aires, the Research Council denied my request and in September 1967, with my wife, who supported my decision, and our three daughters, Claudia, Leila and Cintia (Fig. 3, right) , we flew to Washington, DC.
It was heartbreaking to leave Argentina. I had hoped to make a substantial contribution to the scientific development of the country both in the laboratory and training local scientists. Now only lab work remained. What lessons could one draw from my 26 years in Argentina? At least at that time, significant scientific research could be started under primitive and politically adverse conditions, but one cannot go forever against the flow of events, if they conflict with one's self-respect.
NEW BEGINNINGS-GOOD LUCK BRINGS GOOD DATA
Gil Ashwell, the new lab chief at the now National Institute of Diabetes and Digestive and Kidney Diseases, met us at National Airport and welcomed us to the USA and NIH, where I worked with Lucía Rothman, who had meanwhile obtained her PhD. I approached my new job with much trepidation, new kid in a foreign environment. Fortunately, a lucky first result lifted my spirits. As I mentioned, the yeast cell wall contains a small amount of chitin. Bacon's lab had shown that chitin was concentrated in bud scars that remain on the mother cell after separation from the daughter, indicating a possible role in division. I discovered that yeast extracts incorporated UDPAG labeled with 14 C in the N-acetylglucosamine into chitin. This experiment launched a line of work that continued until my retirement.
While Lucía worked with glycogen synthase, I concentrated on chitin distribution and synthesis, with a new postdoc, Fred Keller. We needed to visualize bud scars and cell walls at high resolution and again I was incredibly lucky. I became acquainted with Blair Bowers, an excellent electron microscopist, with whom I collaborated for many years, publishing 25 papers. We confirmed that bud scars consist of a chitin disk, sandwiched between layers of glucan. From this, the concept was derived that a primary septum of chitin is laid down during cell division, followed by a secondary septa of cell wall-like material (Fig. 4 , left, Cabib, Ulane and Bowers 1974).
But how was synthesis of the chitin primary septum regulated? In collaboration with Vladimir Farkas (Fig. 5, top) , who came from Bratislava, we found that trypsin treatment increased chitin synthase activity over 10-fold, suggesting the enzyme behaved as a zymogen. He stayed in the lab only for 1 year, because of the communist government's restrictions, but a friendship and collaboration arose that have endured to this day, 40 years later. We also found an 'activating factor' in yeast extracts, which turned out to be protease B and an inhibitor of the activating factor, both purified to homogeneity by Rodney Ulane.
Exciting results, but in 1979 Elizabeth Jones, a geneticist at Carnegie-Mellon University, showed that protease B mutants grew with normal septation. Thus, protease B was not the regulator of chitin synthesis. Nevertheless, over the last 50 years practically all chitin synthases studied behaved like zymogens, suggesting that activation is needed. Recently, Karim Labib's lab reported that Inn1 and Cyk3 are involved in chitin synthase 2 activation by an unknown mechanism.
GLYCOGEN SYNTHASE LEADS TO GLUCAN SYNTHASE
Meanwhile, Lucia performed our first incursion into genetics, isolating a mutant unable to convert the G-6-P-dependent form of glycogen synthase into a G-6-P independent form. Whereas wild type accumulated glycogen transitioning from logarithmic to stationary phase, the mutant remained glycogen-free, showing that only the G-6-P-independent form was functional in vivo (Cabib, Rothman-Denes and Huang 1973) . Later, Kuo-Ping Huang, a hard-working postdoc from Taiwan, purified the dependent form and Jim Braatz set about purifying the independent form only to find that the polyscaccharide formed by his extracts was not glycogen but β(1-3)glucan, the main structural component of the cell wall! Thus, we found the synthesis of glycogen serendipitously when looking for that of glucan and now the reverse occurred. With Lynn Shematek, we discovered that GTP stimulated the new synthase, a finding with important consequences that was refined by Vicente Notario and Hiroyashu Kawai.
LABORATORY GROWTH AND GETTING TO KNOW YOU
During the 13 years I have been describing, my laboratory grew from one to four postdocs; enough, because I wanted to work full time in the laboratory. My insistence in working at the bench comes from a mental deficiency. I found that I could not think effectively about scientific problems if my hands were not involved. Therefore, helping coworkers meant working with them. This wouldn't have been possible had I taken a university position. Weekly lab meetings not only developed an environment where everyone was part of the team, but also generated many ideas.
In a more general way, our family was getting used to the new country. It was not easy. I felt like an outsider for years, perhaps because in Argentina I sensed that I could make a significant contribution to the country, whereas in the USA my contribution was limited to my scientific work. Yet, when I started attending meetings in other countries and my plane returned to Washington, I did feel that I was coming home. Importantly, we became citizens and took interest and voted in elections. We met frequently with NIH colleagues or visitors from abroad and having three children put us in contact with other students' parents.
A CONTROVERSY-WE WERE BOTH PARTIALLY RIGHT
A 1972 meeting in Salamanca, Spain, before which my family and I roamed over much of the country and visited my wife's relatives, was additionally important because Julio Villanueva, head of Microbiology there, recommended his studentÁngel Durán (Fig. 5, bottom) for a position in my laboratory.Ángel became a lifelong friend, with whom we collaborated over the years. WithÁngel, we found that almost all particulate chitin synthase activity was located in purified plasma membranes, the first indication that a cell wall component was synthesized in the membrane. A controversy arose between our and Salomón Bartnicki-García's laboratories. They isolated from Mucor rouxii a vesicle preparation containing chitin synthase (chitosomes), and hypothesized that chitin was synthesized in chitosomes and then incorporated into the cell wall. We thought chitosomes were an artifact resulting from breaking the membrane into fragments. It turned out that both of us were partially right. We subsequently found a larger amount of chitin synthase in a fraction distinct from the membranes and studies by Valdivia and Schekman showed that chitosomes functioned in yeast to shuttle chitin synthase 3 between plasma membrane and internal stores. Eventually, we showed with Rowena Roberts and Blair Bowers that the membrane synthase faced into the cytoplasm, whereas the synthesized chitin appeared on the outer face. This result introduced the now commonly held idea that cell wall polysaccharides are extruded through the membrane as they are synthesized (Cabib, Roberts and Bowers 1982) .
MANY COUNTRIES-MANY FRIENDS
During the last third of the 20th century, I received many invitations to share our work in scientific gatherings domestically and in overseas locations, such as Spain, France, Germany, England, Austria, Greece, Czechoslovakia, Slovakia (Fig. 6, top) , Israel, my native Italy, Canada and Mexico. On two trips to Japan, I visited my former coworker Hiroyasu Kawai. Hiro is the son of a baker and an expert in bread making, an activity in which I am nowadays involved, so I had a recent opportunity to consult with him on this highly scientific topic involving-of course-yeast.
PHIL ROBBINS AND THE CLONING OF CHS1
With Mohinder Kang, we concocted a new method to purify chitin synthase; we called it 'product entrapment'. Based on the idea that insoluble chitin made by the synthase would specifically entrap the enzyme, we used the method to purify the enzyme 600-fold. It was later used by others in different systems. As we were purifying chitin synthase, Phil Robbins came to the NIH from MIT for a sabbatical and proposed to clone the chitin synthase gene. We had no knowledge of molecular biology, but a little earlier Martin Slater had isolated a mutant apparently devoid of chitin synthase activity, but still able to make chitin in vivo. Phil and I decided to use that mutant to clone the gene. Martin, having shifted to NIH grant administration, returned temporarily to collaborate on this project. We succeeded with the help of our collective coworkers, especially Christine Bulawa at MIT. The gene disruptant grew normally in rich medium, but with some lysis in minimal medium.
The mystery of a disruption mutant that could still make chitin was solved when, with Adriana Sburlati from Argentina, we detected another chitin synthase activity that we called chitin synthase 2 (Chs2). Luckily, Sandy Silverman, a molecular biologist, joined our laboratory. To learn the techniques of molecular biology, I worked as his technician and together we were able to clone and disrupt the Chs2 gene. The results showed that Chs2 was essential for septum formation and cell division, although some strains made a salvage septum and survived.
CHS1, CHS2, CHS3 FUNCTIONS-A COVER PHOTOGRAPH
Peter Orleans, in Phil Robbins's lab, found a third chitin synthase, Chs3. Meanwhile, Henar Valdivieso, a coworker ofÁngel Durán in Salamanca, cloned a gene that seemed a candidate for CHS3, as we later confirmed. We, and others, had already demonstrated that deposition of chitin at the neck between mother and daughter cell occurs in two stages. Budding begins with a chitin ring laid down around the neck followed by production of the chitin primary septum at cell division. A secondary septa with a similar composition to the remainder of the cell wall follows (Fig. 4, left) . With CHS2 and CHS3 disruption mutants in hand, Andrew Shaw and Blair Bowers, collaborating with the Salamanca laboratory, analyzed their functions using light and electron microscopy. We showed that Chs2 is essential for primary septum formation, whereas Chs3 synthesizes the chitin ring as well as chitin dispersed in the cell wall and in the secondary septa (Fig. 4, left, Cabib 2004) . Blair Bowers's beautiful electron micrographs made the front page of the Journal of Cell Biology.
DISEASE AND TRAGEDY
Two events in the final decade of the century upended our lives. In 1991, I was informed that I had cancer. It was a hard blow, but major surgery succeeded and I have been in remission for 25 years. The second event, however, had no remedy. Claudia, our eldest daughter, died of undiagnosed liver failure in 1994, at 38. There is nothing worse than seeing your own child dead and my wife and I were plunged into a deep depression. Hard work in the lab had somewhat of a numbing effect, but those woeful moments keep returning, even now.
OLD SAMPLES-NEW RESULTS-β(1-3)GLUCAN SYNTHASE IS REGULATED BY RHO1
After Phil Robbins departure, Paul Szaniszlo, on sabbatical in my lab, showed that the GTP activation of glucan synthesis was common to diverse fungi, a project that subsequently led to an unexpected discovery. Mohinder Kang centrifuged frozen particulate preparations that had been left behind and found that the washed particles had lost their synthase activity. It returned, however, when the supernatant was added back to the washed pellet. From this and other experiments, we concluded that the extract contained a GTP-dependent activator, which when purified by Pieternella Mol and Tom Mullins (on sabbatical from the University of Florida) turned out to be a GTP-binding Rho protein. With Jana Drgonová (from Vladimir Farkas's lab) and Tomás Drgon, we used Rho mutants from Yoshimi Takai to demonstrate that our GTPase was Rho1. Yoshikazu Ohya and David Levin reached similar conclusions and the two results were published in the same issue of Science. This was an important finding because cell wall synthesis starts with β(1-3)glucan and, since GTPbinding protein can shift between active and inactive forms, Rho1 can serve as a switch to start and stop cell wall formation (Cabib, Drgonová and Drgon 1998) .
ROMAN KOLLAR'S IMPOSSIBLE DREAM-FOLLOW THE DATA
Some results had suggested that chitin and β(1-3)glucan may be joined. Roman Kollár, another Farkas recommendation, went looking for the connection and found it after digestion of the cell wall with enzymes and isolation of the link region. A highmolecular weight fraction resisted the digestion and we started analyzing it. It was so complex that I was skeptical that we would succeed, but not Roman. He enlisted nmr expert Eva Petráková, Bruce Reinhold, an expert in electronspray mass spectrometry, and already retired Gil Ashwell for sugar analysis and went to work. Together with previous results from Frans Klis's laboratory, we finally arrived at a structure for our fraction and indeed a structure for the cell wall that is shown in a simplified version in Fig. 4 , right (Cabib et al., 2001) . As mentioned, we obtained outside help and this illustrates my philosophy, follow where the experiments lead you; if they take you to a place where you have no expertise, learn to work in that field or recruit collaborators with the required knowledge. No excuse for ignorance.
LATERAL CELLS WALLS OR BUD NECKS-IT'S ALL IN THE ENDS
We now knew the structure of the cell wall, but how is it put together? Using Dong-Hyun Roh's rho1 mutants, we ascertained that the first wall component made was β(1-3)glucan, followed by β(1-6)glucan, mannoproteins and chitin. But how did they become linked together? Cell wall polysaccharides are secreted as they are made at the plasma membrane. Therefore, polymer joining must occur in the periplasmic space. We hypothesized (Cabib et al. 1988 ) that joining occurred by transglycosylation because there are no energy sources to create chemical linkages in the periplasmic space. In that same review, we suggested fungal cell walls as targets for antifungals, which was nicely confirmed by the development of β(1-3)glucan synthesis inhibitors, the echinocandins, now in wide clinical use. Our hypothesis about transglycosylation was correct, but the supporting experiments were intricate. They involved Martin Schmidt and Tomas Drgon finding that cla4 (protein kinase required for correct septin ring formation) mutations were synthetically lethal with a chs3 . When both septin and chitin ring formation were compromised, necks between mother cell and bud widened and the cells eventually died. We concluded that both the septin and chitin rings cooperated maintaining the neck constricted throughout the cell cycle, the first time a function was found for the chitin ring. How did the ring accomplish it? According to our cell wall structure, chitin and β(1-6)glucan bind to β(1-3)glucan at the same type of end. Therefore, we hypothesized that chitin occupied all of those ends at the neck so that neither β(1-6)glucan nor mannoprotein could be attached and hence the cell wall could not grow, whereas chitin in the lateral cell wall would be mostly linked to β(1-6)glucan (Fig. 4, right) .
A SPANISH INTERLUDE-OLD GUY IN THE LAB
Here I digress. Towards century's end I felt that it was perhaps time to stop training postdocs. They were entering a highly competitive environment and I worried that I couldn't provide sufficient help. This allowed me to accept an invitation byÁngel Durán to spend a sabbatical year in Salamanca. Having received permission to terminate recruiting and with my lab empty, my wife and I were off to Spain in 2003. We were greeted with great affection by our friends in Madrid and Salamanca, who made us feel like part of the family. Most people in Spain work from 10 AM to 7:30 or 8 PM, allowing for a late Spanish lunch and very late Spanish dinner. I couldn't adapt and worked from 9 to 6. Everybody was astonished to see such a 'mayor' guy ('mayor' being a euphemism for 'viejo' or 'old') working in the lab all day. The climax of the sabbatical came when I was asked to be the keynote speaker for an international meeting on fungal cell walls. The surprise was sprung at the final dinner, when entering the dining hall I was met by a sign saying 'Fiesta para Enrico'.Ángel Durán, Phil Robbins, Armando Parodi (IIB director in Buenos Aires) and others had conspired to turn dinner into a session in my honor, with humorous speeches, plus the University Tuna (a musical group) serenading me (Fig. 7) . I was really moved by that show, which, as I told them, is so far the best obituary I have had.
CELL WALL SYNTHESIS-THE FINAL PROOF-WIDE NECKS, LONG BUDS
Aside from enjoying the entertainment, we made real progress on my sabbatical. As I mentioned previously, verification of our hypothesis about chitin ring function required that we determine how much chitin was free, bound to β(1-3)glucan or attached to β(1-6)glucan in the mother-bud neck vs lateral cell wall. At first, this seemed totally impossible but in the end we did it by developing new techniques permitting us to measure the cell wall composition at different locales. The results confirmed our hypothesis, with chitin mainly bound to β(1-3)glucan at the neck and to β(1-6)glucan in lateral walls. To confirm that the chitin ring functioned through attachment to glucan, we needed to know how this attachment was made and what happened when it was abolished. Javier Arroyo in Madrid had been studying Crh1 and Crh2, which seemed to be related to the cell wall and chitin. Collaborating with Javier and my old friend Vladimir Farkas in search of Crh protein functions, we found that crh1 and crh2 double mutants lacked linkages between glucans and chitin, and that Crh proteins functioned as transglycosylases, transferring chitin chains to the glucan, thus confirming our 1988 hypothesis. The final result came when Javier and Noelia Blanco in Madrid obtained a triple mutant crh1 crh2 cla4 . This mutant grew, albeit slowly, but showed very wide motherbud necks and elongated buds. The mutant possessed a chitin ring, although it was unlinked to glucan. This was final proof that the chitin-glucan linkage preserved morphogenesis at the neck (Cabib and Arroyo 2013) .
CROISSANTS ANYONE?
The 8-year collaboration with Javier (Fig. 6, bottom) and colleagues was the last high point of my scientific career. It was greatly facilitated by e-mail, fast shipping of yeast strains, but above all by the congeniality between us. And now, close to my 88th birthday, it was time to let the lab go, to help care for my ailing wife. I have now substituted the kitchen for the laboratory, which allows me to maintain some connection with yeast, at least from time to time. In fact, I just used yeast to make croissants. They are nice and crunchy. Want to try one?
